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DESCRIPTION 
Hockey Stick 



delated Applications 

This application claims the benefit of priority of United States Provisional 
Application Serial Number 60/380,900 filed on May 15, 2002 and United States 
plsional Application Serial Number 60/418,067 filed on October 11, 2002, the contents 
of which are hereby incorporated by reference. 

WpW Of The Invention 

The field of the present invention generally relates to hockey sticks and component 
structures, configurations, and combinations thereof. 

Back ground O f The Invention 

^ Generally, hockey sticks are comprised of a blade portion and an elongated shaft 
portion. Traditionally, each portion was constructed of wood (e.g solid wood, wood 
Linates) and attached together at a permanent joint The joint generally comprised a slot 
formed by two opposing sides of the lower end section of the shaft with the slot opening 
on the forward feeing surface of the shaft. As used in this application "forward facing 
surface of the shaft" means the surface of Ihe shaft that faces generally toward the tip of 
the blade and is generally perpendicular to the longitudinal length of the blade at the point 
of attachment The heel of the blade comprised a recessed portion dimensioned to be 
receivable within the slot Upon insertion of the blade into the slot, the opposing sides of 
the shaft that form the slot overlap the recessed portion of the blade at the heel. The joint 
was made permanent by application of a suitable bonding material or glue between the 
shaft and the blade. In addition, the joint was oftentimes further streng&ened by an 
overlay of fiberglass material. 

Traditional wood hockey stick constructions, however, are expensive to 
manufacture due to the cost of suitable wood and the manufacturing processes employed. 
In addition, due to the wood construction, the weight may be considerable. Moreover, 
W00 d sticks lacked durability, often due to fractures in the blade, thus requiring frequent 
replacement Furthermore, due to the variables relating to wood construction and 
manufacturing techniques, wood sticks were often difficult to manufacture to consistent 
tolerances. For example, the curve andflex of the blade often varied even within the same 
model and brand of stick. Consequently, a player after becoming accustomed to a 
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particular wood stick was often without a comfortably seamless replacement when the 
stick was no longer in a useable condition 

Notwithstanding, the "feel" of traditional wood-constructed hockey sticks was 
found desirable by many players. The "feel" of a hockey stick can vary depending on a 
of objective and subjective factors including the type of construction >ma*n£ 
ZLd the structure of the components, the dimensions of the components, fte nguhty 

of the shaft and/or blade, tire weight and 
^ade fte rigidity and strength of, the job*) connecting the shaft to the blade, tire 
blade, the sound that is made when the blade strikes the puck,' etc. 

ourvature of the blade^ ft. « _ ^ ^ ^ a 

SaUs — yt^esftedesiredperformance. Moreover, the subjecti. 
n "r t t this decision often results in one hockey player prrfernng a -rtam 
"feel" of a particular hockey stick 'while another hockey player prefers the feel of 
another hockey stick. 

Perhaps due to the deficiencies relating to tredMooal wood hodce, ** 

.^eou, anached btade coofigoretioo toward a replaceable blade aod shaft: 

» ,„ „, a "teoooo" "sneak" or "hosel", which, generally compnsed of an 

, lZZ^VJEi±**i- ^.sbafts of these contemporary designs 
StTL*-d to include a four-sided tubular member having* connechon 

Lfigared or othencise dimensioned so that ft may shdabl, and snugly reoervs the 
"Son member of the blade. Hence, fte reauMng joint ges.ere.iy compnsed a fen, 
5 pZlapjoint. inorderttfi^tbedebu^connecnonb^meb^tnm^ 

' Wcdly employed. KM* in mesa contemporwy repJaceable btade mtM 
Art the coint of attachment between the blade and the shaft rs 
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Contemporary replaceable blades, of the type discussed above, are conshncted^ of 
various materials including wood, wood larninates, wood lammate ^ wfth 
Zrdass and what is often referred to in the industry as "composue" constrains. Such 
constructions employ what * generally referred to as a structurd 
S cons.uction, which comprises a low-densfty rigid core faced on generally 
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mtfrrt-dta* facing surfaces ^.ifel^-«^toorW Ttata-- 
or facing is typically comprised of plies of woven and substantiaUy contnuous fibers ^ 

SonX, graphite, or Kevlar™ disposed within a hardened matrix resm matenal . 
Of^«rice in dns type of —on is that the core is singly orWy 
attached to *e facings and is formed of a material composition thaV when 
^/vholdsandseparatestheopposmgface, The improvement m strength 
Stive to the weight of the structure," that is achievable by virtue of such sttucmml 

hockey stick blade manufacturers. 

• Contemporary composite blades are typically manufactured by employment of a ; 

tbrtladem create - at teastrnilMl, - the rifeid rtfuctond sandwrch consuttcPon. 

Experience has shown that codded* naaaftettring costs are expended on to 
wv J£r s,eev, ma^ the.sc.ves, and in impregnaUng those noe, sleeves w* 
Xhne ntenncnre4bl.de assembly is in*, mold. Moreover, ft. process ofmauagutg 

sonrce of manufacturing inconsistency. 

1 Composite blades, nonetheless, arc though, to have certain advanmges over wood 
Nudes Sample, compc* blades may be more readily manufacmsed «o — 

' ".ha, may I achieved via me employmen, o, composite 

^cnon, ore blades may be made thinner and lighter man wood Had. of smnlax 
strength and flexibility. 
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experience has shorn that such constructions nevertheless also produce a feel and/or 
performance attributes that are unappealing to some players. Even players thatchoose to 
nlay with composite hockey sticks continually seek out alternative sticks having improved 
feel or performance. Moreover, despite the advent of contemporary composite blade 
constructions and two-piece replaceable blade -shaft configurations, traditional wood- 
constructed hockey sticks are still preferred by many players notwithstandmg the 
drawbacks noted above. 

Summary Of The invention . 

Tne present invention relates to hockey sticks, their configurations and their 
component structures. Various aspectsare set forth below. 

In one aspect, a hockey stick blade comprises one or more inner core elements 
funded by one or more layers of reinforcing fibers or filaments disposed in a hardened 
matrix resin material. One or more of the inner core elements or components is comprised 
of one or more elastomer materials such as silicone. rubber. The one or more elastomer 
Lercorematerialsmaybepos^ 

or the physical properties of the blade. For example, one or more inner cores compr^ng 
an ellomer material may be positioned in or adjacent to a d*ignat« I intend* 
zone aboutoradjacenttothelen^ 

along or adjacent a vibration pathway to the shaft, such as in the hosel section. 

In another aspect, a hockey stick blade is comprised of multiple inner core 
elements and an outer wall made of or otherwise comprising reinforcing fibers or 
filaments disposed in ahardened matrixresin. At least two of the inner core elements are 
made of different elastomer materials. 

; ' in yet another aspect, a hockey stick blade is comprised of multiple inner core 

elements and an outer wall made of reinforcing fibers or filaments disposed in a hardened 
matrix resin. At least one of the inner core elements is an elastomer material and at lea* 
another of the inner core elements is non-elastomer material such as a foam, a hardened 
resin, or a fiber or filament reinforced matrix resin. 

0 m yet another aspect, a blade for a hockey stick includes an inner core comprising 

a n on-elastomer material such as a hardened resin or a fiber or filament reinforced matrix 
resin material, surrounded on one or more sides by an elastomer material, such as silicone 
rubber The elastomer material may comprise the outer surfaces of the blade, or may be 
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WerlaiD-by-one-or-more-additional4ayers-of.no material, such as fiber or 

u " . . , i : oloctnmpr material 
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-overlain Dy onc-oi-iuuio-a"«*««--. — j . — 

.filament reinforced matrix resin, thereby forming a blade having an elastomer matenal 
sandwiched between a non-elastomer core and a non-elastomer outer wall. 

Hence, in yet another aspect, a blade for a hockey stick comprises multiple inner 
core elements or components, made or otherwise comprised of an ^°« te "J 
herein the elastomer inner core elements are spaced apart m vanons configur^om with 
anon-elastomer material sucn as a foam, a hardened resin,or a fiber or filament remforced • 
matrix resin residing between the elastomer core elements. 

m yet another aspect, mechanical and/or physical properties are employed to- 
.^hlterize elaTomer materials employed in the- composite blade .constructs ■ 

disclosed. 

. yet another aspect is directed to a procedure and apparatus for measuring the 
. coefficientofrestituuonofam^ • 

• m yet another aspect, the elastomer materials employed as core elements of a 
composite blade fall wUhin a group of elastomer materials ft* mamtam dastom* 
Gerties even after they are subjected to subsequent heating that occurs dunng the 
moC cel such as the resin transfer molding ("RTM"). process) of an uncured blade 
assembly.comprising an inner core made of the elastomer matenal. 

Yet another aspect is directed to preferred relative dimensions of the elastomer 
components to other blade components, in terms of relative cross-sectional areas and blade 

thickness. 

to yet another aspect an adapter member is disdosed »hich is configured to attach 
to hockey stick blade to the hockey stick shaft In yet another aspect, the ad^ter member 
includes one or more inner core elements comprised of an elastomer matenal. 

to yet another aspect, a composite hockey stick blade made in accordance »M> one 
or mote of the foregoing aspect is configured for commotion with various configurations 
" shaft to form a hookey stick. Hen«, the composite blade may be configured , 
connect diteofiy to me abaft or fadimctly via an adapter member configured to ,«m to 
Made vdtb to shaft. The connection to to abaft or adapter member may beconfigurri j. 

lltemativdy, to connection to to shaft may be above to heel as m contemporary two- 
stick configurations, to ,e. aootor aspect to attaohmen, or connection 



WO03/097181 # pCT/y"o2CT/US03/156353 



-b^tween-the-coinposite-bladfe-and-the-shaft,^^^^ or direct , ma y be detachable 

or permanent 



In yet another aspect, a hockey stick comprises a shaft made, in part or in whole, of ■ 
WO od or wood laminate, and a composite blade made in accordance with one or more of 
5 . the foregoing aspects. 

Yet another aspect is directed to the manufacture of a hockey stick comprising a 
shaft and a composite blade constructed in accordance with one or more of the foregomg 
aspe^andinaccordancewithone or more of the various ^^^^ 
. constructions disclosed herein,, wherein.the process of manufacturing the Wade or ad.pt* 
H> member includes the steps of forming an uncured blade or adapter assembly wnh one o 
naore layers of resin pre-impregnated fibers or filaments and one or more other 
components such as a foam or elastomer inner core, placing the uncured blade assembly m 
a m old configured to impart the shape of the blade or adapter member; sealing the mold 
over the uncured blade or adapt* member assembly applying heatto the mold to cure *e 
15 blade or adapter member assembly; and removing the cured blade or adapter member 
assembly from the mold. 

In yet another aspect is directed to a hockey stick comprising a shaft and a 
composite blade constructed in accordance with one or more of the foregoing aspects and 
in accordance with one or'more of the various hockey stick configurations drsclosed 



20 herein. 



In yet another aspect, a hockey stick is comprised of a shaft and a composite blade, 
herein the hockey stick is constructed in accordance with one or more of the foregomg 
aspects. 

• • Additional implementations, features, variations, and advantageous of the 
25 invention will be set forth in the description that follows, and will be further evident from 
the illustrations set forth in the accompanying drawings. 

ttripf Descrm* ™ nfThp. Drawings 
' TTxe accompanying drawings illustrate presently contemplated embodiments and 

. constructions of the invention and, together with the description, serve to explain vanous 
30 principles of the invention. 

FIG. 1 is a diagram illustrating a first hockey stick configuration. 
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^G^-is^rear-view^f-aJo^-potfpn^Mh^ stick illustrated in FIG. 1 



FIG. 3 is aback face view of the hockey stick blade illustrated in FIG. 1 detached 
fiom the hockey stick shaft. 

FIG. 4 is a rear end view of the hockey stick blade illustrated in FIG. 3. 
FIG. 5 is a diagram illustrating a second hockey stick configuration. 
• FIG. 6 is arear view of a lower portion of the hockey stick illustrated in FIG. 5. 

,. FIG. 7 is a back face view of the hockey stick blade illustrated in FIG. 5 detached 
from the hockey stick shaft • 

FIG. 8 is a rear end view of the hockey stick blade illustrated in FIG. 7. 
" FIG. 9 is a bottom enii view of the hockey stick shaft illustrated in FIGs. 1 and 5 
detached from the blade. 

FIG. 10 is a diagram illustrating a third hockey stick configuration. 
FIG. 11 is a bottom end view of the hockey stick shaft illustrated in FIGs. 10 
and 12 detached from the blade. 

FIG! 12 is arear view of a lower portion of the hockey stick Ulustrated in FIG. 10. 

FIG. 13 is a back face view of the hockey stick blade Ulustrated in FIG. 10 
detached from the hockey stick shaft. 

FIG. UA is a cross-sectional view taken along line 14-14 of FIGs. 3, 7, and 13 
illustrating a first alternative construction of the hockey stickblade. 

FIG. 14B is a cross-sectional view taken along line 14-14 of FIGs. 3, 7, and 13 
illustrating a second alternative construction of the hockey stick blade. 

FIG. 14C is a cross-sectional view taken along line 14-14 of FIGs. 3, 7 and 13 
Ulustrating a third alternative construction of the hockey stick blade. 

FIG. 14D is a cross-sectional view taken along line 14-14 of FIGs. 3, 7 and 13 
illustrating a fourth alternative construction of the hockey stickblade. 
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^GrrtEisa-cross^s^^ 14-14 of FIGs. 3, 7 and 13 



illustrating a fifth alternative construction of the hockey sUck blade. 

' FIG. 14F is a cross-sectional view taken along line 14-14 of FIGs. 3, 7 and 13 
Ulustrating a sixth alternative construction of the hockey stick blade. 
5 FIG. 14G is a cross-sectional view taken along line 14-14 of FIGs. 3, 7 and 13 

mustrating a seventh alternative construction ofihe hockey stick blade. • 

FIG 14H is a cross-sectional view taken along line 14-14 of FIGs. 3, 7 and 13 
iUustrating an eighth alternative construction of the hockey stick blade. 

' FIG 141 is a cross-sectional view taken along line 14-14 of FIGs. 3, 7 and 13 
10 iUustratinganinthalternativeco^tmctionofthehockey 

FIG 14J is a cross-sectional view taken along line 14-14 of FIGs. 3, 7 and 13 
illustrating a tenth alternative construction of the hockey stick blade. 

FIG 14K is a cross-sectional view taken along line 14-14 of FIGs 3, 7 and 13 
iUustra^g an lventh alternative extinction of the hockey stick blade or core 



FIG. 15A is a flow chart detailing preferred steps for manufacturing the hockey 
stick bladeUlustratedinFIGs. 14A through 14J. 

FIG 15B is a flow chart detailing preferred steps for manufacturing the hockey 
stickbladeorcorecomponentthereof illustrated in FIG. 14K. 

FIGs 16A-C together comprise a. flow • chart of exemplary graphical 
20 ^JZL luting Ued .steps for m^g the hockey stick blade 

illustrated in FIG. 14E. 

" FIG. 17A is a side view of an adapter member employed in a fourth hockey stick 
co^wanoa masuafcd in HO. 17D-, ft. adapter is comlgared » join a hockey stock 
25 ZZZ as the type i— O HGa 3 aad7, to a hockey stick shaft, such as .s 
illustrated in FIGs. 10-12. 

FIG. 17B is a perspective view of the adapter member illustrated in FIG. 17A. 
FIG. 17C is a cros S: sectional view of the adapter member illustrated in FIGs. 17A 
and 17B. 
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the adapter member illustrated in FIGs. 17A-17C. 

FIG 18A is a cross-sectional view taken along line 14-14 of FIGs. 3, 7, and 13 
illustrating an alternative blade construction wherein' the hockey stick blade comprises a 
5 composite core overlain by a "elastomer" outer surface. 

FIG 18B is a cross-sectional view taken along line 14-14 of FIGs. 3, 7, and 13 
illustrating an alternative blade construction wherein the hockey stick blade comprises a 
"elastomer" layer sandwiched between a composite core and composite outer surfaces. 

FIGs 19A-B are diagrams of the apparatus employed for testing and measuring 
10 . performance characteristics of core materials and blade constructs as described herein. 

FIG 20 is a cross-sectional view of me hockey stick blade generally illustrated in 
FIGs 10-13 taken along line 20-20 of FIG. 13 and depicts an exemplary construction^ 
the hockey stick blade, the shaded areas represent areas' of the core that are formed of an 
elastomer material while the un-shaded portions of the core represent areas of the core that 
15 are formed of foam. 

rmi i^ rwri ptinn Of The Preferred Embodiments 

The preferred embodiments will now be described with reference to the drawings. 
To facilitate description, any reference numeral designating an element in one figure wdl 
designate the same element if used in any other figure. The following descnpton of the 
20 prefened embodiments is only exemplary. The present inventions) is not limited to these 
embodiments, but may be realized by other implementations. Furthermore, m describing 
preferred embodiments, specific terminology is resorted to for the sake of clanty 
However, the invention is not intended to be limited to the specific terms so selected, and 
it is to be understood that each specific term includes all equivalents. 

25 HnrVe y sti ck Pnnfipurations 

FIGs 1-13 and 17 are diagrams illustrating first, second, third, and fourth hockey 
stick 10 configurations. Commonly shown in FIGs. 1-13 and 17 is a hockey stick 10 
comprised of a shaft 20 and a blade 30. The blade 30 comprises a lower section 70, an 
upper section 80, a front face 90, a back face 100, a bottom edge 110, atop edge 120, a hp 

30 section 130, and a heel section 140. In the preferred embodiment, the heel section 140 
generally resides between the plane defined by the top edge 120 and the plane defined by 
the bottom edge 110 of the blade 30, The shaft 20 comprises an upper section 40, a mid- 
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^ti^50rand-a4ower-section-60.-TheWr-section_ ^ is adapted to be joined to the 



section 3U, ana a iwwci — — ; - _ A 

blade 30 or, with respect to the fourth hockey stick configuration illustrated in FIGs. 17A- 

D, the adapter member 1000. 

The shaft 20 is preferably generally rectangular in cross-section with two wide 
5 . opposed walls 150 and 160 and two narrow opposed walls 170 and 180. Narrow waU170 
includes a forward-facing surface 190 and narrow wall 180 includes 
surface 200. The forward-feeing surface 190 feces generally toward the tip section 30 of 

• fee blade 30 and is generally perpendicular to the longitudinal length (Le., the length 

10 surface 200 faces generally away from the tip section 130 of the blade 30 and is £ 

a front-fell surface 210 and wide wall 160 includes a back-facing surface 220 -When 
fee shawls attached^ 

same direction as the front face 90 of the blade 30 and the back-feeing surface 220 feces 
15 generallyinthesamedirectionasthebackfacelOOoffeebladeSO. 

In fee first and second hockey stick configurations illustrated in FIGs. 1-9 the 

defined for the purposes of this application as the dimension between the front and back 
facing surfaces 210 and 220. The tapered section 330 is preferably dimensioned so feat 
20 when the shaft 20 is joined to the blade 30 fee front and back facing surfaces 210 220 of 
the shaft 20 are generally flush with the adjacent portions of the front and back fac*s 90 

• - and 100 of the blade 30. The lower section 60 of the shaft 20 includes an open-ended slot 

• 230(bestiUus te ^^ 

wall 170 preferably, although not necessarily, through fee rearward-facing surface 200 of 
25 narrow waU 180. As best illustrated in FIG. 9, the slot 230 also, but not necessarily, 
extends through the end surface 350 of the shaft 20. The slot 230 is dimensioned to 
receive, preferably slidably, a recessed or tongue portion 260 located at fee heel section 
140 of the blade 30. 

As best illustrated in FIGs. 34 and 7-8, the transition between fee tongue portion 
30 " 260 and an adjacent portion of the blade 30 extending toward fee tip section 130 forms a 
frontside shoulder 280 and a back-side shoulder 290, each of which generally face away 
from fee tip section 130 of the blade 30. When fee tongue portion 260 is jomed to fee 
shaft 20 viathe slot 230 the forward facing surface 190 of the shaft 20 on either side of the 
slot 230 opposes and preferably abuts with shoulders 280 and 290. Thus, the joint formed 
35 issinnlartoanopenslotmortiseandtonguejoint. The joint may be made permanent by 
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^e-of-adhesive-such^^ Plexus™) or any other 

suitable material. However, Plexus™has been found-to be suitable for this application. In 
addition, as in the traditional wood construction, the joint may be additionally 
strengthened after the blade 30 and shaft 20 are joined by an overlay of fiberglass or other 
suitable material over the shaft 20 and/or blade 30 or selected portions thereof. 

• . As illustrated in FIGs. 1-4 and 9 of the first hockey stick configuration, the tongue 
portion 260 comprises an upper edge 300, alower edge 310, and a reamard-facing edge 
320 The blade 30 preferably includes an upper shoulder 270 that extends from the upp er 
. edge 300 of the tongue portion 260 upwardly away from the heel section 140. Wen the 
, tongue portion 260 is joined within the slot 230, the forward-facmg surface 190 of the 
shaft 200 located directly above the top of the slot 230 opposes and preferably abuts wrth 
the upper shoulder 270 of the blade 30; the rearward-facing edge 320 of the tongue 260 * 
preferably flush with the rearward-facing surface 200 of the shaft 20 on either- side ofihe 
slot 230; the lower edge 310 of the tongue 260 is preferably flush with the end surface 350 
> of the shaft 20; the upper edge 300 of the tongue 260 opposes and preferably abuts w^h 
the top surface 360 of the slot 230; and the front and back side surfaces 370 380 of the 
tongue 260 oppose and preferably abut with the inner sides 430, 440 of the wide opposed 
walls 150, 160 that define the slot 230. 

As illustrated in FIGs. 5-9 of the second hockey stick configuration, the tongue 
0 portion 260 extends upwardly from the heel section 140 beyond the top edge 120 of the 
blade 30 and is comprised of an upper edge 300, a rearward-facing edge 320, and a 
forward-facing edge 340. The blade 30 includes a second set of front and back-side 
shoulders 240 and 250 that border the bottom of the tongue 260 and preferably face 
generally upwardly, away from the bottom edge 110 of the blade 30. When the tongue 
,5 portion 260 is received within the slot 230, the end surface 350 of the shaft 20 on either 
' side of the slot opposes and preferably abuts with shoulders 240 and 250; the rearweud- 
. facing edge 320 of the tongue 260 is preferably flush with the rearward-facing surface 200 
of the shaft 20 on either side of the slot 230; the forward-facing edge 340 of the tongue 
260 is preferably flush with the forward-facing surface 190 of the shaft 20 on either side of 
30 the slot 230; the upper edge 300 of the tongue 260 opposes and preferably abuts with the 
top surface360 of theslot230; and the front and back side surfaces 370, 380 ofthe tongue 
260 oppose and preferably abut with the inner sides 430, 440 ofthe wide opposed walls 
150, 160 that define the slot 230. 

Illustrated in FIGs. 10-13 is a third hockey stick 10 configuration. As best shown 
35 in FIG. 11 the shaft 20 is preferably comprised of a hollow tubular member preferably 
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to shaft 20. The blade 30 inclndes . extended member or hosel por-oo 450 prefbrab* 
comprised of two sets of opposed walls 390, 400 end 430, 420 and a mahng^on 460. 
The m*mg secdon 460 in a preferred entodmteu. is comprised of a rectoguta : mm 

t „ mate with to lower section 60 of to shaft 20 in a four-plane lap jom. along to rns.de 

of walls 150, 160, 170, and 180. n. onteid. diameler of to rectangular 

a^a of to mating section 460 is preferably dimensioned to make a shdmg end snug ft 

tobonoween^roftolowersecdonSOoftosbaftJO. 
I shaft 20 are hrnded together at to four-plane lap join, using an anhesrve capable of 
cemennng to blade 30 to to sbaft 20. Such adhesives ate common* known 

■ M JUL. Al^vely, it is also contemplated dra. to jom.ben.een blade 30 and 
sbaft 20 be made permanent by nsn of an appropriate adhesive. 

Ulnstrated in FIG. 17A-D la a fourth hockey adck 10 configure* which 
senerally prises to bUde 30 iUuauated in FIG. 3, to shaft 20 illustrated m FIGs. 10- 
HlZ. member 1000 best fflusteated in FIGs. 17A-C. The adapter tomb* 
00.t "nfigLd m a ma. end section 1.1. * receive to togue 260 of to blade 3, 
EL* and^iously described in rehmon .0 FIG,. 3 and 7. A second^ ^» 
, ,020 of to adapter member 1000 la configured «o he cormecteble * a shaft In to 

bollow of to shaft 20'fflnsnated and previously described m rdabon to FIGs. 10-12Jn 
™SL« to adapter member 1000 is comprised of first and second wrde oppcaed waUs 
ET£i - W - second narrow opposed walla 1050, 1.60. The firs, wrde 
, £L 103. includes aftontfacing sorface 107. and to second wide :opposod waU 
' ^Itktohtgaur^l.^anchto.whento^memher,^^ 

to blade 30, to fton. facing surf.ee 1070 generally toes in to 
& on« 6 ce 9 0.ftob.ade30andtobackftcingsmtoel0 8 0gene,aIl,fec K mtos i ™ 

Ldon as to hack face 100 of to b.sde 30. Toe firs, nanow 
includes forward facing surface 1090 and to second narrow opposed «U 
^Lnd facing surface 11.0, snch to. when to adapter membar 10.0 " J"""" £ 
Made 30, to forward feeing surface 109. generally facestowari to hp «eh on 130 rfto 
blade arm is generally perpendicular to to longinrdinal lengd. of to blade 30 (,.e., to 
^tfto blade from to dp section 130 .o to bee, section 140), a* to rearward 
facing surface 1100 generally feces away from to Up section 130 of to blade 30. 
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The adapter-member lOOO.further Jaeludj^pe 

^ between fee front and back facing surfaces 1070 and 1080 The tapered -ton 
330' is-preferably dimensioned so mat when me adapter member 10 . j«d£ * 
blade 30, the front and back facing surfaces 1070, 1080 are generaily flush with the 
adjacent portions of the front and back faces 90 and 100 of the blade 30. 

The first end section 1010 includes an opened slot 230' that extends from tire 
forward facing surface 1090 of narrow, wall 1050. preferably . 
^ough the rearward feeing surface. 1100 of narrow wall 1060. Tne ^ " 
orefembly but not necessarily, extends through the end surface 1110 of fee adapter 
prefembly, but n ^^-^ preferably slidably, fee recessed 

7. • ' 

£"» . f^Z » X. a joJLi* W- open s,ot mordse 

m J " . rf ^„ 1 1 nn of fee adapter member 1000 on either side of fee slot 230 , 

and 1040 of fee adapter member 1000. 

Moreover, vton joined to to blade 3D .onfigurafion illustrate* in FIG. 3 to e»d 

^cein. of to adapter mentor 1000 on eitor side of to slo. £ 
< with to low adge 310 of to longoa 260. Alternately, »ben jomed to to blade 30 
5 mth tne low * adapter member 1000 on 

sorfaee 1090 of to adapter member 1000 on either side of to slot 230 . 
,„ He second end secfion 1020 of to adapter member 1000, . previously stated^ 

preferamy configured ,0 be re«ivab.e in to hoUow of to sbaft 20 prevtously deacrtod 
irlte4 in mlafion to FIG, 10-12, and includes substantially to same configure.™ 
460 described in relation to FIG, 10-13. In particular, to second 
S in a preferred embodiment is comprised of a rectangular cross section 
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having two sets of opposed walls 1030a, 1040a and 1050a, 1060a that are adapted to mate 
ZZLr section 60 of *e shaft 20 in a four-plane lap joint along the «*, o wa* 
^0 160 170, and 180 (best illustrated in FIG. 11). T* outs.de dieter of th 
LIZ Iss-sectional area of the second end section 1020 <M£££ 
to make a sliding fit inside the hollow center of the lower section 60 of the shaft 20. 
P« t aLter member 1000 and shaft 20 are bonded together at the «n 
1^ using an adhesive capable of removably cementing the adapter member 1000 to 
the shaft 20 as previously discussed in relation to FIGs. 10-13. 

, taludmgenrploymentofmevario^ 

twi-w stick P '- 1 * Sagfoi^ssa 

" " FIGs 14A tough UK ™ cmss^eetional views taken along Bnel4-14 of 
FIGS aTand 13 iUusrtating comdrucUon configumuons of to hockey sbckblade 30 I. 
£££ LtL M me configumdons illustrated drerem ate eaempla* and « 
= » ™ch as cote cortarations ot othet intetaal stractoal confignrauons, dlusbated 

modified to facilitate particular design purposes or performance cntena. FIGs. 14A 
141 and 18A-B fflus«ate eonsrtucriona «nat employ one or tore « 
3a 50. overiain v*h one or more layers 51. comprising one or more phea 52. of 
30 ^any.htfoteingfihersot filament disposed in a bsrdened madr* rearm The 
reinforcing fibers or filaments may be subatantially continuous. 

FIG 14K ffluatrates yet another alternative blade construction or core component 
oonsuuorion 

referred to as bulk molding compound ( BMC i-ius. id/v <m 
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.detailingpreferxed steps of manufacturingtheb^ 

. .14J and 18A-B. FIG 15B is a flow chart detailing preferred steps of manufacturing the 
■ . blade or core component construction illustrated in FIG. 14K. 

' It is to be understood that the dimensions of the hockey sticks and the blades 

^contemplated that the preferred embodiments are capable of bemg manufactured so as to 
"I *• design criteria set form in *e official National Hockey U*g«e Rul* 
Z Rule 19) and/or the 2002 National Collegiate Athletic Associate ("NCAA. ) Mens 
L g «" Hockey Rules (e.g. Rule3). Hence, it is contemplated that ^e hockey 
, and blade conations and eonfigumnons disclosed herem are apphcable to both 

. forward and goaltender sticks. 

Connnonlv sho«n in HGs. 14A-14J and 18A-18B ar. ona or mora n» - «*« 
e,ernenU io^d * 540.-5O0a. (idandSed as eiemen* B ^ 

p • Trrr mm rnmr»risine one or more plies ldenttfiea as 

T „ IWes 14A-14F and 14I-14J are one or mora internal bndga structures 
7 TSl bv can ou, reference nnmend 530, vduch e*end generady in a 
ladX: — at LfiC and back fcces .00 of the Made 

of the construction materials employed is set forth. 

' rnnstmction Materials 
_ The hockey stick blades 30 illustrated in the exemplary constructions of 
HGs 14A-14K and 18A-B generally comprises one or more core elements (e.g elemen 
05 S'ald one or more exterior plies (e.g., element 520) reinforcing fibers or laments 
iZ a hardened ma*ix resin material. Presently contemplated construc.cn 
materials for each of these elements are described below. 

r nrP . Materials 

Depending on the dasuad parfonnanee or faal that is sought, the inner core 
,0 elements 500 may comprise variona materials or combinations of venous materia For 
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- Foam- Foam cores such as those comprising formulations of expanding syntactic 
or non-syntactic foam such as polyurethane, PVC, or epoxy have been found to make 
suitable inner core elements for composite blade construction. Such foams typically have 
a relatively low density and may expand during heating to provide pressure to facilitate the 
molding process. Furthermore, when cured such foams are amenable to attaching strongly 
to the outer adjacent plies to create a rigid structural sandwich construction, which are 
widely employed in the industry. Applicants have found that polyurethane foam 
manufactured by Burton Corporation of San Diego, California is suitable for such 
applications. 

. Perhaps due to their limited elasticity, however, such foam materials have been 
found amenable to denting or being crushed upon singular or repetitive impact, such as 
that which occurs when a puck is shot. Because the inner cores of convened hockey 
stick structures are essentially totally comprised of foam, compromise m the durability 
and/or the consistent performance of the blade structure with time and use may occur. 

. Corner or Rubber: The employment of elastomers, or rubbery materials, as 
significant core elements in hockey sticks, as described herein, is novel in the composite 
hockey stick industry. The term "elastomer" or "elastomeric", as used herem, * defined 
as, or refers to, a material having properties similar to those of vulcanized natural rubber 
namely, the ability to be stretched to approximately twice its original length and to retract 
rapidly to approximately its original length when released and includes the following 
materials: 

. (1) vulcanized natural rubber; 

(2) synthetic thermosetting high polymers such as styrene-butadiene 
copolymer, polychloroprene (neoprene), nitrile rubber, butyl rubber, pelade rubber 
("Thiokol"), cis-1, 4-polyisoprene, ethylene-propylene terpolymers (EPDM rubber), 
silicone rubber, and polyurethane rubber, which can be cross-linked with sulfur, peroxides, 
or similar agents to control elasticity characteristics; and 

(3) Thermoplastic elastomers including polyolefins or TPO rubbers, polyester 
elastomers such as those marketed under the trade name "Hytrel" by E.I.I^ Pont; ionomer 
resins such as those marketed under the tradename "Surlyn" by E.I. Du Pont, and cyclic 
monomer elastomers such as di-cyclo pentadiene (DCPD). 

Notably composite structures employing elastomer cores, as a general principle, 
do not follow the classic formulas for calculating sandwich loads and deflections. This is 
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so because these materials are elastic and therefore are less amenable to forming a rigid 
internal structure with the exterior skin or plies of the sandwich Consequendy, * is. no 
surprise that composite hockey stick structures (e.g., composite blades) compnsmg 
elaltomercoresareabsentfromtheindustry. Notwithstanding, applicants have found that 
5 the employment of such elastomer cores individually or in combination with otber core 
materials, such as foam, are capable of providing desirable feel and/or performance 
characteristics. 

Fo, example, to sound tot is generated v*en » hockey puck is sta.dc by n hockey 
stick can be modified »ith the employment of such elastomer cores to produce a ™,udy 
„ . ^easing sound,. toplayer as opposed m to -hoUo*^" «ypa sou^ to. , 
. Lted adth mdiuonal composite hookey sticks. Further, to realm. 1*1***, of 
. make torn suited «o to unique dynamic endumd by hookey suck blade, and 

component Unhkeconventiond foam com ma tt rials, e^ 

15 toir resilient properties am capable of »itotoding repetitive impact ami thereby prov.de ■ 
coasistentperformaiiceandsuitobledurabmty. 

Moreover, employmot, of elastomer com materials have been found to unpac, or 
dampen to significance of to vibmtion typically produced from a tradtnonal foam com 
■ . Zrsimb.ar^fo-bypmvid.amann^ofcnn^mem.unmgtov.braton.o. 

20- desired or more desirable feel. 

In addition, because elastomem am available tvith significant mnges in ^such 
.nechanical properties « elasticity, msilience, elongation percentage, i^,*****^ 
Itoy are amenable to being employed to achieve particular pmduc, peribnmmce. 
cri erta. For example, en elastomer' may have properties to, am amiable for pmvtdrng 

25 both a desimd coefficient of restitution while * to same time ^abte for acbsevmg to 
desimdvibmriondampeningorsound. Ahernativ d y,acombinanonofelas,omemnmybe 
empioyed « achieve to desimd performance attributes, perhaps one mom -*d fc 
deling whfi. to otor being berter snited for sttaining to desned co^cen, of 
Sstion Thus. i. has been found tot to use of elastomer com, can fac,h«am umque- 
30 control or modification over performance criteria. 

Moreover, it is to be understood tot to elastomer may be employed in n limited 
capacity and need not constitute to totality, or even a majority, of to com. Tins ts 
especially significant in to, elastomer materials typicoUy have densiti 
JU ton conventional foam com material,, and hence may stgmficantly add ,0 to 
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overall weight of the blade and the hockey stick. Thus, for example, it may be preferable 
• that elastomer materials be placed in discrete strategic locations - such as m and/or 

• around a denned impact zone of the blade, along the outer circumference of the .blade, ^or 
along vibration transmission pathways perhaps in the hosel, heel or along the edge of the 

5 blad! They may be placed in vertical and/or horizontal lengths vdthm the core at spaced 
. intervals. For example, reference is made to FIG. 20, shown therein is a -s^ectonal 
diagram of the hockey stick blade taken generally longitudinally along the plane of the 
hockey stick blade 30 as identified by line 20-20 in FIG. 13. The-elastoma ^core 
components are identified by shading and the foam core components 

,0 portions of the core that are not shaded. Moreover, it is to be understood that dunensxons 

ir okerwise, may be varied relative to the external blade 30 dimensrons, or relative to 
^internal blade component structures. Thus, for example it is contemp^ ^ 

■ thetmclmessofmeco*^^ 
15 • than at regions more proximate to the heel region 140 and the bottom or lower edge 110. 
£ example in FIG. 20 it is contemplated that the mickness of the more drstaUy 
!TtiL e lalmer core element is generally thinner than the more pxoxm^y 
portioned elastomer coreelement. The f oam core element mterposeo between the dually 
1 prolate* positioned elastomer core element would have a thickness dunensron 
20 .generally in between the those of the adjacent elastomer core elements. 

Furthermore, it is to be understood that elastomer materials may be combined in 
discrete layers and/or sections with more traditional core structures (e. g ., foam, wood, or 
wood ,amLte) and/or other materials such as plastics, or omer fiber compos^stmctu^ 
such as a material comprised of continuous or discontinuous fibers or filaments disposed 
25 fctmXsia fa^'^o^m^^^^^^ 
may be blended or otherwise mixed. 

jlsfeggj r^cterizatio* M TmplmimNimw of Flastomeric Materials 

Preferred characterizations of elastomer materials and preferred implementations 
of elastomer cores and structures are set forth in the followmg paragraphs. It is to be 
30 ' understood that each of the following characterizations and/or implementations may be 
employed independently fiom or in combination with one or more of tire otirer prefer, 
chamcterizations and/or implementations to further define the preferred hockey suck and 
blade configurations, embodiments, and constructions. 
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Fir , p I efgrrgd notarization: A first preferred characterization of the materials 
. that fall within the definition of "elastomer" as used and described herein include materials 
thathave aratio of the specific gravity ("SG")tothe coefficient of restitution ("COR") less 
than or equal to five (5 .0), as described by the formula set forth below: 

5 (1) SG + COR<5.0 

SG: is the ratio of the weight or mass of a given 

volume of any substance to that of an equal volume of water at four degrees 
Celsius; arid 

COR: also known as the "restitution coefficient", 

can vary from 0 to 1 and is generally the relative velocity of two bodies of 
mass after impact to that before impact as further described by the 
"Coefficient of Restitution Test", procedure andapparatus set forth below 
and illustrated in FIGs. 19A-B. 
.^.^.^^fP^onTest": The foregoing "Coefficient of Restitution Test- 
procedure is novel in the hockey stick industry, The test procedure is similar in some 
aspects to ASTM Designation F 1887-98 entitled Standard Test Method for Mea^rmg the 
^efficient of Restitution (COR) of Baseballs and Softballs, which was published m 
February 1999 FIGs. 19A-B are illustrations of the testing apparatus. The procedure is 
J™Z to set forth the method of measuring the coefficient of restitution of core 
materials used in composite constructs, particularly hockey stick blades and component 
parts, as described herein. Further, the procedure is intended to establish * single, 
reputable, and uniform test m^ 

The test method is based on the velocity measurement of a steel ball bearing before 
andafterimpactofthetestspecimen. As defined herein, the "coefficient .of restitution 
(COR) is a numerical value determined by the exit speed of the steel ball bearing afto 
contact divided by the incoming speed of the steel bdl bearmg before contact wim de test 
specimen. The dimensions of the test specimen are 7 + /- 0.125 x 2 +/-0.125 x 025+A 
0 0625 inches. Notwithstanding the foregoing dimensional tolerances of the test 
specimens, it is to be understood that the specimens are to be prepared with dimensions 
that are as accurate as reasonably possible when employing this test procedure. 

Once the test specimen is prepared, it is firmly secured to a massive, rigid, flat 
wall which is comprised of a 0.75 inch-thick steel plate mounted on top of a 2.50 inch- 
thick steel table. The sample specimen is secured to the steel plate via clamps positioned 
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at the ends of the specimen, approximately equal distance from the specimens geometric 
center The clamps should be sufficiently tightened to the steel plate over the specunen to 
be tested so as to inhibit the specimen from moving when impacted by the steel ball 
bearing. Clamp placement should be approximately 5.0 inches apart or 2.5 inches from 
the specimens center, which resides in the intended impact zone. 

The steel ball bearing is made of 440 C grade steel and has a Rockwell hardness 
between C58-C65, a weight of 66.0 grams +/- 0.25 grams, a sphericity of 0 0001 mches, 
and a diameter of 0.75 inches +/- 0.0005 inches. See ASTM D 756 entrtled Prance for 
Determination of Weight and Shape changes of Plastic Under Accelerated Semce 
Conditions. Such spherical steel ball bearings meeting.the foregoing cntena may be 
' procured from McMaster Carr, USA or any other suitable or available source or vendor. 

Electronic speed monitors measure the steel ball bearings speed before and after 
impact with the test specimen. Each speed monitor is comprised of generally two 
components: (1) a vertical light screen and (2) a photoelectric sensor. The yertcal hght 
15 screens are mounted 2.0 +/- 0.125 inches apart, with the lower light screen bemg mounted 
5 +/- 0.125 inches above the top surface of the 0.75 inch thxck steel plate. Two 
photoelectric sensors, one located at each screen, trigger a timing device on the steel ball 
Ling passage thereby measuring the time for the ball to traverse the distance between 
the two vertical planes before and after impact with the test specimen. The resolution of 
20. the measuring apparatus shall be +/- 0.03 . m/s. 

• The test room shall be environmentally controlled having a temperature of 72 °F 
• + /_ 6 *F a relative humidity of 50% +/- 5%. Prior to testing, the specimens are to be 
conditioned by placing them for at least 12 hours in an environmentaUy controlled space 
having the same temperature and relative humidity as the test room. 

The steel ball bearing shall be dropped from a height of 30.5 inches +/- 0.2 inches. 
The ball shall be dropped 25 times on the specimen via the employment of a smtable 
release device, such as a solenoid. A minimum of a 45-second rest period rs required 
between each drop. The average of the 25 COR values for each specunen is used to 
determine the COR of the specimen, in accordance with the following formulae: 
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(2) COR= Vb/Va = 1/25 [(V b i/Vu) + (V b2 /Va2) + (Vm/V*) . . . • + 

(V b 23/Va23) + (Vb24/Va24) + (Vb25^a2$)] 
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Where: . V a = incoming speed adjusted or compensated for the effects 
of gravity, and 

V b = exit speed adjusted or compensated for the effects of 

gravity. 

Data acquisition hardware such as that marketed under the trade name "Lab View" 
and data acquisition circuit boards may be obtained from National Instruments 
Corporation located in Austin, Texas; and suitable wiring from sensors to acquisition ports 
may be obtained from Keyence Corporation of America located in Torrance, California. 

c, rrnT , agfeggd characterization: A second preferred characterization of the 
materials that fall within the definition of "elastomer*" as used and described ^herein 
include materials that have an ultimate elongation equal to or greater than .100/. m 
accordance with the following formula: 

(3) Ultimate Elongation Percentage = {[(final length at rupture) - 
(original length)] + [original length]} x 100 

Where - Ultimate Elongation: also referred to as the breaking 
elongation, is the elongation at which specimen rupture occurs in the 
application of continued tensile stress as measured in accordance with 
ASTM Designation D 412 Standard Test Methods for Vulcanized Rubber 
and Thermoplastic Elastomers - Tension (August 1998). 

jjurd.Prgtoed rasterization: A third preferred characterization of the 
materials that fall within the definition of "elastomer" as used and described herem include 
materials that are capable of undergoing a subsequent heating and pressure commensurate 
with curing and molding (e.g., such as the RTM process previously discussed or the 
process described in relation to Figs. ISA and 16), yet still fall v*hin the definition of an 
elastomer as defined herein. For example in a typical molding process such as that 
disclosed in relation to the process described in Fig. ISA. the blade assembly may be 
subject to a cure temperature between 200 and 350 degrees Fahrenheit for a period ranging 
• from 10 to 20 minutes and commensurate pressure resulting therefrom. Hence, the third 
preferred characterization relates to employment of a material that can undergo such 
30 processing and still fall within the definition of an elastomer as described herem. 

p^^p^^TTn plementation : A first preferred implementation of an elastomer 
core material in a composite structure, such as a hockey stick blade, as used and described 
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herein is defined by the ratio of the cross-sectional area comprising an elastomer core 
divided by the total cross sectional area, in accordance with the following formula: 

(4) A b *At>025 
mere : Ae : is the cumulative area at any given cross-section of 
the blade mat is occupied by an elastomer; and 

A T : is the total area at the same cross-section of the 

blade. . 

The foregoing preferred lamentation is applicable to any cross-section of the 
blade 30 regardless of where along the blade that cross-section is taken. It is to be 
understood however, that this preferred implementation employs a cross-secbonal area 
££££ Perpendicular to ft. front and back faces 90, !00 of the hlade 30 such as 
those illustrated in FIGs. 14A-14K and 18A-B. 

Second Prefixed ^mentation: A second preferred implementation of an 
elastomer core in a composite structure, such as a hockey stick blade as ^ 
described herein is defined by the ratio of the thickness of the elastomer divided by the 
total thickness of the blade, in accordance with the following formula: 

(5) T E + T T >025 
mere . Te - is the cumulative thickness of all elastomer core 
materials at any given cross-sectional plane of the blade, as described 
above in relation to the first preferred implementation, and as measured 
along a hue on that cross-sectional plane that is generally normal to one or 
both (i.e., at least one) of the faces 90, 100 of the blade 30 at the point 
where the line intersects the face; and 

• T T : is the total thickness of the blade as measured along 
the same line of measurement employed in the measurement of T E . 
AlMriv^^ Alternative first and 

second preferred implementations of an elastomer core material in a •s^.*™*"* 

and second preferred implementations described above in relation to equabons (4) and (5), 
30 except that: 



20 



25 



WO 03/097181 



P C TV U SO 3PCX/yso3xiS635i 



23 



10 



At- is defined as A T ', and is no longer the total area at the cross-section of the 
blade but rather is the total area at the cross-section occupied by.fibers or filaments 
disposed in a hardened matrix or resin material; and 

Ty is denned as T T ' 9 and is no longer the total thickness of the blade as 
measured 'along the same line of measurement employed in the measurement of Te, but 
rather is the total thickness of the layer(s) comprising fibers or filaments disposed in a 
hardened matrix or resin material as measured along the same line of measurement 
employed in the measurement of Te. 

ci ^msr Cor- TVctinp mid Related Pata 

' " Four elastomer core materials made of silicone rubber, which are identified in the 
following tables as M-l to M-4, were prepared and the samples were subjected to COR 
omparison testing. The cores were compared to materials tradmonaUy employed m 
conventional hockey stick blades, in particular wood, resin matnx, foam, and plast.c. 
Table 1 is a compilation of that data. 



Material/ 
Description 


S.G. 


Hardness 

[Shore A 
points] 


Tensile 
Strength 

[psi] 


Elongation 
1%1 


Tear 
Strength 
DieB 

[lbs/inch] 


COR 


SG + COR 


M-l 


128 


56 


900 


120 


40 


0.541 


2.37 


M-2; 


1.15 


5 


436. 


731 


110 


0.590 


1.95 


M-3 


1.13 


20 


914 


600 


132 


0.614 


1.84 


M-4 


1.11 


40 


525 


225 


100 


0.635 


1.75 


Wood (Ash) 


0.69 










0.564 


122 


Resin Matrix 


820 










0.832 


9.86 


Foam 


0.14 














Plastic 


1.01 










0.667 


1.51 



i The steel ball bearing did not bounce-off the foam sample when it was 
tested for COR and therefore the COR measurement is negligible. 
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values of . specific-gravity, hardness, tensile strength, elongation^ercentage 

and tear length for the silicone rubber samples M-l to M-4, ~ "T^ 
nWacturer and are understood to comply with ASTM measuremen standards. Table 2 
is a compilation of the trade names and manufacturers of the matenals set forth above m 
Table 1. 

Table 2 . 




M-2: 



M-4 



Resin Matrix; 
Foam 
Plastic 



Dow Coming 



Dow Coming 



Circle K 



Dow Chemical 
Burton Corporation, San Diego, CA 
Generic 



HS IV RTV High Strength 



Silastic S-2RTV 



GH 040 RTV 



P.E.R. 332 Epoxy Resin 
BUC-500Foam 
Arryinnltrile Butadine Styrene Resin ("ABS") 



As no«ed in Table 1, the specific gravity for eaeh of tie silicone rubber core 

„ £TE to measured COR for each of to silicone rubber core 

10 ream In , auom o, ^ Forthennore> ^ 

S.G. values. 

■ffin and*ick walled conrposKe hockey stick blade constat wore marrufachuad 
,5 With corns made of each of to four silicone rubber samples as well as to *»> stunpla. 

in .chance with to procedure described in relation - ™^ 
be rmderstood to phrase thin and thick walled refers to to walls of the blade berween 

20 thicker layer of fibe* disposed wilhin a hardened resin motor materral ton a tinn walled 
blade. 

The construe* were ton subjected to conrpanrtive COR testing. The same to, 
apparato was outplayed as discussed in relation » to COR « ™ * « 
ale except to. to md ball beating used la to test had a weigh, f 2223 + / 0.25 
25 t2 a 2mm of 0.0001 inches, and a diamefer of 1.00 * 0.0005 urches. In 
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addition, since the specimens were comprised *m^l&SZ^*J*^ 
dimensions set forth in the COR Test Procedure set forth above also were Afferent 
Table 3 sets forth the COR data of these tests. 



Table 3 



M-2 
M-3 



Foam 



COR of Thin Blade Construct (tested) 



0.892 
0.925 
0.929 
0545 



COR of Thick Blade Construct (tested) 



0.899 
0.938 
0.875 
0.961 



10 



15 



Notably, in all but one' of the test specimens (M-3) an increase in the COR was 
.easur^ 1 an increase in wall Sickness of the blade. Further, the greatest percer* 
Sllotta the called blade over the dun walled blade was measured 
in the foam core blade construct 

Compamrive spring rate testing w* conducted on A* silicone rubber samples ^ 
, ,o m) L to foam core for bom a min and titick waned blade comdrnc*. U- M 
of Placing a load cm «he blade eonsmre, a. a mriform load ram of 0 005 
■SUL. oblaming load versus deflecriori -m U. — 
«. and flack walled composite blade count* was 80 lbs « 1 150 lbs. ^pectrv* 
Ue loads we placed on Are same position on eacb of Are blade consul The 
following data set form in Table 4 below was obtained: 
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) 



Foam 



Spring Rate of Thin Blade Construct 
(tested Ilbs/ln]) 



6131.9 



Spring Rate of Thick Blade Construct 
(tested [lbs/in]) 



61393 



As can be seen from the data, the spring rate showed a significant increase between 
the thin and thick blade constructs for the silicone samples. The spring rate in the foam 
core construct, on the other hand, did not markedly increase with increased wall thrckness. 

Comparative vibration testing was also conducted on the thin and thick blade 
composite constructs. Measurements of maximum vibration amplitudes (measured m 
gravity increments) and a qualitative comparison of decay times were recorded. The test 
insisted of securing the composite blade construct at the hosel against an ^bracket : and 
deflecting the blade at its toe a distance of 0.5 inches. Upon release of the deflected blade, 
vibration of the blade was measured via an accelerometer placed at 1 .25 niches from the 
toe of the blade. The following darta set forth below in Table 5 was recorded: 

Table 5 



Material/ 
Description 


Max Accel, of Thin 
Blade Constru ct 
(tested [g's]) 


Decay Time of Thin 
Blade Construct 
(tested Is]) 


Max Accel, of 
Thick Blade 
Construct (tested 


Decay Time of 
Thick Blade 
Construct (tested 


M-l 


57.7 


0.67 


88.0 


0.54 


M-2 


81.6 


0.68 


83.9 


0.82 


M-3 


772 


0.87 


93.7 


0.72 


M-4 


82.2 


0.78 


94.6 


0.70 


Foam 


139.0 


1.09 


95.3 


0.73 

ndp thft data 



is set forth in Table 6 below: 
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■Table 6 



Material/ 
Description 


Max AcceL 
(tested [g's]) 


Decay Time 
(tested [s]) 


Wood 


18.7 


1.09 



Notably, tne measurement vi 1"^"^ - 

vibration of the blade that occurs subsequent release of the deflected blade and is a 
reflection of the blade's capability to transmit vibration. The measurement of decay tone 
is a measure of the duration or time required for the vibration of the blade to dtssrpate or 
be absorbed and therefore is a measure of the blades capability of dampening vibration. 

With respect to the maximum acceleration data measured from the testing of the 
thin walled blade constructs, it is noted that the silicone rubber core constructs measured 
significantly less than the foam core construct. In addition, with respect to the decay tmes 
0 fZ thin walled blade constructs, it is noted that the silicone rubber core constructs 
measured significantly less than the decay time of the foam core construct 

When one compares the maximum acceleration between the thin walled blade 
constructs and the thick walled blade constructs, it is noted that the silicone rubber core 
constructs tended to increase with blade wall thickness while the maximum acceleration of 
the foam core construct reflected a significant decrease. When one comparestixe decay 
tunes between the thin walled blade constructs and the thick walled Wade constructs, * . 
noted that the silicone rubber constructs generally measured a shght *»»-™* 
increasing blade wall thickness where as the foam construct measured a sigmficantly 
larger decrease in decay time with increasing blade wall thickness. 

' In addition, a qualitative comparison to the all wood blade construct indicates that 
although the maximum acceleration or vibration of the all wood construct measured less 
than any of the silicone rubber core constructs, the decay time was significantly greater m 
the all wood constructs than the silicorie-rubber constructs. 

Thus, the data suggest that an elastomer core is capable of effecting in a unique 
manner not only the spring rate and the COR as previously described and discussed, but ft 
is also capable of providing a reduced decay time when compared to the foam and wood 
blade constructs as well as a decreased maximum acceleration closer to a wood blade 
construct than a traditional foam core construct 

«n„i„ MnMh,, Comnound^go res: Bulk molding compounds are generally 
defined as non-continuous fibers disposed in a matrix or resin base material, winch when 
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-cufea-become rigid solids; Bulk molding compound can.be. employed, as an. inner core 
element or can form the totality of the blade 30 structure. This type of blade 30 or core 
500 construction is best illustrated in FIG. ML When employed as either a blade 30 or 
core component 500 thereof, it is preferable that the bulk molding compound be cured m 

5 an initial molding operation, preferred steps for which are described I m FIG. 15B 
Initially, bulkmolding compound is loaded into amold configured for molding the desired 
exterior shape of the blade 30 or core element 500(step 700 of nG.lSB) With reject to 
the loading of the mold, it has been found preferable to somewhat overload the mold with 
the compound so that when the mold is sealed or closed, the excess compound material 

10 exudes from the mold. Such a loading procedure has been found to improve the exterior- 
Lace of the cured molded structure. Once the mold is loaded, heat is, apphed to the 
. . mold for curing (step 710), and the cured blade 30 * core element 500 is .moved ^from 
the mold (step 720). Additionally, if required, the mold is finished to the desired 
appearance as ablade 30, or prepared for incorporation in the blade 30 as a core element- 

15 500. 

PlY M ot»ri n W Fibers 8r Matrix/Resin 

As used herein, the term "ply" shall mean "a group of fibers which all run in a 
single direction, largely parallel to one another, and which may or may not be interwoven 
Zl or stitched to one or more other groups of fibers each of which may or may not be 
disposed in a different direction.- Unless otherwise defined, a "layer" shall mean one or 
more plies that are laid down together. 

The fibers employed in plies 520 may be comprised of carbon fiber, aramid (such 
as Kevlar™ manufactured by Dupont Corporation), glass, polyethylene (such as Spectra 
manufactured by Allied Signal Corporation), ceramic (such as Nextel™ manufactured by 
, 5 3m Corporation), boron, quartz, polyester or any other fiber that may provide the desired 
' strength. Preferably, at least part ofoneofthe fibers is selected from the ^group consisting, 
of carbon fiber, aramid, glass, polyethylene, ceramic, boron, quartz, and polyester, even 
more preferably from the group consisting of carbon fiber, aramid, glass, polyethylene, 
eeramic, boron, and quartz; yet even more preferably from the group consisting of carbon 
30 fiber, aramid, glass, polyethylene, ceramic, and boron; yet even more preferably from the 
consisting of carbon fiber, aramid, glass, polyethylene, and ceramic; yet even more 
Lembly from the group consisting of carbon fiber, axamid, glass, and polyethylene; ye 
even more preferably from the group consisting of carbon fiber, aramid, and glass; ye 
even more preferably from the group consisting of carbon fiber and aramid; and most 
35 preferably comprises carbon fiber. 
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It hr been found :preferabl pAat each.um-directional fiber ply be grienjedso that 



10 



15 



-H -nas-Decn-iinum-i""*~">" — _ _ 

the fibers run in a different and preferably a perpendicular direction from the underlying or 
overlying um-directional ply. In a preferred construction lay-up, each ply is onented so 
that the fibers run at preferably between f / - 30 to 80 degrees relative to the longiUidmd 
length of the blade 30 (i.e., the length from the heel section 140 to the tip section 130) and 
more preferably between 4/- 40 to 60 degrees, yet more preferably between +/- 40 to 50 . 
degrees, even more preferably between 42.5 and 47.5 degrees, and most preferably at 
substantially +/- 45 degrees. Other ply orientations may also be independently or m 
conjunction with the foregoing orientations. For example, it has been found preferaUe • 
that an intermediate zero degree oriented ply be included between one or more of the plies 
520 to provide additional longitudinal stiffness to the blade 30. In addmon, for example a 
woven outer ply (made of e.g., Kevlar™, glass, or graphite) might be included to provide 
additional strength or to provide desired aesthetic, furthennore, one or more phes may be 
employed which may or may not be uni-directional or woven. Moreover rt i U> be 
understood that additional plies may be placed at discrete locates on toe blade 30 to 
p^Te additional strengto or rigidity thereto. For example, addition* ph« . may b 
p aled at or around the general area where the puck typicatiy contocts toe blade 30 durmg - 

surface such as at or about the bottom edge 110, or in the general area on the blade 30fta 
rX*d to connect to toe hockey stick shaft 20 or an adapter 1000 such as ft* 
illustrated in FIG, 17A-D, fox example the heel region 140, tongue 260 or hosel 450 
portion of toe blade 30, 

The matrix or resin-based material is selected from a group including: 
(1) thermoplastics such as. polyether-ketone, polyphenylene sulfide, polyethykne, 
; polypropyLe, ureftanes (thermoplastic), and Nylon-6, and (2)ftermosets such as 
urethanes (thermosetting), epoxy, vinylester, polycyanate, and polyester. 

In order to avoid manufacturing expenses related to transferring the resin into the 
molci.toema^xmaterialnmybepre-impregnatedmtoftefiberso^ 
w re 510 prior to the uncured blade assembly being inserted into the mold and toe mold 
b being sealed. In addition, in order to avoid costs associated with employment of woven 
sleeve materials, it may be preferable that the layers 510 be comprised of one or more 
plies 520 of non-woven uni-directional fibers. Applicants have found that a sintable 
• material includes uni-directional carbon fiber tape pre-impregnated with epoxy 
matured by Hexcel Corporation of Salt Lake City, Utah, and also S & P Systems of 
5 San Diego California. Another suitable material includes uni-directional glass fiber tape 
" ^Snatedwith epoxy, also manufactured by Hexcel Corporation. Yet anofter 
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suitable material includes um^KCtional Kevlar^fiber tape pre-impregnated with epoxy, 
also manufactured by Hexcel Corporation. 

' Employment of such pre-impregnated materials has been found by applicants to be 
particularly suitable for serving as an adhesive to secure the layers of fibers or one or more 
plies to one another, as well as to the core or other structural component Hence, the 
employment of these materials may serve to facilitate .the fixing of the relative position of 
the pre-cured blade assembly components. Moreover, such pre-impregnated materials 
have been found advantageous when employed internally in so much as the resin need-not 
flow or otherwise be transferred into the internal portions of the blade 30 during the curing 
molding and curing process of the blade assembly. For example, internal structures, such 
as the bridge structures 530 of the various blade 30 constructions illustrated in FIG* 14B- 
14F 141 and 14J, as well as the internal ply layers 510 best illustrated in FIGs. 14G and 
14j'and 18B, are particularly suited to being formed from such pre-impregnated materials. 
By pre-posiuoning the resin in the desired locations, control over the disposition of the 
resin in the internal structure component^) can be exercised, such as at the bridge 
structure 530 as well as the internal layers 510 or plies 520. 

Fvem plarv A"*™"*™ Wade r^gtniction Configurations 

Exemplary alternative blade 30 constructions illustrated in Figures 14A through 
14K and 18A-B are described in turn below. It is to be understood that the various cores 
may be comprised of various materials (e.g., foam, wood, wood laminate, elastomer 
material, bulk molding compound, etc.) to achieve desired performance characteristics 
and/or unique feel. 

With reference to FIG. 15A, the blade 30 constructions illustrated in FIGs. 14A 
through 14F and 18B are generally constructed in accordance with the following preferred 
steps First, one or more plies 520, layers, or groups of fibers or filaments are wrapped 
over one or more inner core elements 500a-500c (e.g., wood, wood laminate, elastomer 
material foam, bulk molding compound, etc.), which individually or in combination 
generally form the shape of the blade 30 illustrated in FIGs. 3, 7, or 13 (step 600) to create 
an uncured blade assembly. 

Once the uncured blade assembly is prepared, it is inserted into a mold that is 
configured to impart the desired exterior shape of the blade 30 or component thereof (step 
610ofFIG 15A). The mold is then sealed, after which heat is applied to the mold to cure 
the blade assembly (step 620 of FIG. 15A). The blade 30 is then removed from the mold 
and finished to the desired appearance (step 630 of FIG. 15A). The finishing process may 
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SSm aesthetic aspects-such-as P alnt-or- P oUshSng.aBd_alsp^y_mchj de structure! ^ 

for attachment to the shaft 20. 

I, is to be understood that in order to avoid subsequently injeoting resin or matrix 
^aerial into themold after the blade assembly is placed therein (such as in a conventronal - 
^^fermoldmgtRT^prooessesdesoHbed^aprefaredeor^onproo^ 

emotes fibers, plies or layers of fiber plies that are pK-topregnated wrth a reran or 
rras Provil, noted. AnRTMmeutodoracombinaUonofartRTMa.dpm-p.g 
memod pmocss may be employed, however, if desired for a given application. 

500a 500b, and 500c is employed. Ovedaying the cantraUy posiuoned core element 500b 

dement 500b as a single layer. Once pbes 520a and 520b are wrapped mW fbs 
ZZ* 50»b, plies 520c. 520d. and 520. are wmppod over pbes «. £M£ 
15 sTandccm elements 500. and 500e. The nnonred blade assembly . then mserted rnto a 
ZueTld cnfigomd to impart the desired exterior shape of the blade 30, as previously 
Z^"^ step 010 of HO. 15A. Onee cured, pHas 520. »d 520b cream 
— «- 530 tha, extend ftum one side of me blade 30 to , th. other 0*. 
*. inner iacurg surface of ply 520e on one side of the blade to th. , «- fton, 
20 Sea of ply 520c on ft. outer side of ire blade 3.) aod thereby may provrde addrtronal 
" intanalsuengthorimpaotresistancetooheblade30. 

The internal bridge structure 530 previously referenced in relation to HO. MA, 
m Mil and discussed in relate to FIG*. 14B through 14F, nmy extend only 
Zg a desired discrete portion of me longhudinal lengu, Cc ft. length from me heel to 
25 2 up section) of me blade 30. However, an advantage ma, may be reah*d by 
employing an tatemal bridge .nuchas) ** extend into the recessed 
^ JL heal 140 of the Made 30 is the capacity of hnparring addrbona! *•>■»*» 
iota between th. blade 30 and the shaft 20. Moreover, by extending th. tntemal bndge 
structure,*) irtto the tongue 200 of the blade 30, a potontially more desirable or controlled 
30 blade30flexmaybecapableMthejoint 

FIGs 14B and 14C illustrate second and third preferred constructions of the blade 
30 each of which also comprises a plmafity of inner core elements 500a, 500b and 500a, 
50'ob 500c, respectively. Three plies 520a, 520b, and 520c ov«lay Ore umer com 
lot Tbe prions of the interface, or close proximity of urn plies 520 on oppostfc 
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"sidesof the blade-30-(i;e:, positions where opposed sidesof-ply.520a,.520b,.and 520c are 
positioned in close proximity towards one another so that opposed sides of ply 520a are 
preferably touching one another), cause the formation of internal bridge structure^) 530 
interposed between the core elements. The function and preferred position of the internal 
bridge structure(s) 530 are the same as those described in relation to FIG. 14A. 

In application, the bridge structure^) 530 illustrated in FIGs. 14B and 14C can be 
implemented by the following process. First, a single core 500, having generally the shape 
of the blade 30, is provided and wrapped with plies 520a, 520b, and 520c to create an 
uncured blade assembly (step 600 of FIG. ISA). The blade assembly is then inserted into 
a mold having convex surfaces configured to impart the desired bridge structure 530 into 
the blade 30 (step 610 of FIG. 15A). The convex surfaces force the core structure out of 
the defined bridge structure region and create a bias that urges the internal sides of the 
plies toward one another at that defined region." The convex surface(s) may be integral 
with the mold or may be created by insertion of a suitable material, such as expanding 
silicone, into the mold at the desired locations). 

Thus in a preferred application, a single core element 500 is partitioned during the 
molding process to create the discrete core elements. Such a process is capable of 
reducing the manufacturing costs and expenditures related to forming a multi-piece core 
structure, as well as the time associated with wrapping the plies about a multi-piece core 
structure, as described above in relation to the core element 500b of FIG. 14A. In order to 
create a more desirable blade surface configuration after the blade assembly is cured, the 
cavities 540 formed by this process may be filled by a suitable filler material 570 such as 
fiberglass, urethane, epoxy, ABS, styrene, polystyrene, resin or any other suitable material 
to effectuate the desired outer surface and performance results. Filling the cavities 540 
with urethane, for example, may assist in gripping the puck. 

• FIG 14D illustrates a fourth preferred construction of the blade 30, which also 
comprises aplurality of inner core elements 500a and 500b overlain with three plies 520a 
520b and 520c. Extending between the inner core elements SOOa and 500b is a bead 590 
of preferably pre-impregnated fiber material, such as carbon or glass fiber. A preferred 
construction process includes the following steps. First, a core element 500, generaUy 
having the shape of the blade 30, is provided, and a cavity or slot is imparted (e.g., by 
mechanical means) within the core element 500 along a portion of its longitudinal length 
(i e generally from the heel section to the toe section) so as to define core elements SOOa 
and'sOOb Alternatively, the core element 500 may be molded to include the cavity or 
slot thus avoiding the costs associated with mechanical formation of the cavity or slit into 
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- the'core element 500. As previously noted in relation to.the internal bridge structure 530 
of FIG 14A, the bead 590 preferably extends longitudinally into the tongue 260 of the 
blade 30 so that it may provide additional strength at the joint between the shaft 20 and the 
blade 30 The cavity or slot is filled with a bead of preferably pre-impregnated fibers. 
The fiber bead may be comprised of a single layer of substantially continuous pre- 
impregnated fibers that are rolled or layered to achieve the desired dimensions to fill the 
cavity/slot Alternatively, the bead may be comprised of a non-continuous fiber and resin 
mixture referred to in the industry as "bulk molding compound" or an elastomer material 
The fibers in the bulk molding compound may be selected from the group of fibers 
previously identified with respect to the substantially continuous fibers employed in phes 
520 Once the bead of fiber material is laid in the cavity between core elements 500a and 
500b plies 520a, 520b, and 520e are wrapped around the foam core elements to form an 
uncured blade assembly (step 600 of FIG. 15A). The uncured blade assembly is then 
inserted into a mold having the desired exterior shape of the blade 30 (step 620 of FIG 
> 1 5A),andheatisappliedtomemoldforcuring(step630ofnG.15B). Thebead590of 
fiber material forms an internal bridge structure 530 between opposing sides of &e blade 
30 and is disposed between the core elements 500a and 500b, the function of which is as 
previously noted in relation to the bridge structure 530 discussed in relation to FIG. 14A. 

PIG 14E illustrates a fifth preferred construction of the hockey stick blade 30. In 
0 addition to the preferred steps set forth in FIG. ISA, a preferred process for manufacturing 
tmspreferredconstmctionissetformmmoredetaUinnGs. 16A-16C. With reference to 
FIG 14E the preferred steps described and illustrated in FIGs. 16A-16C (steps 900 
through 960) will now be discussed. First, as illustrated in FIG. 16A, a corn 500 is 
provided and is preferably configured to include a recessed tongue section 260a at the heel 
•5 section 140 of the blade 30 (step 900). the core 500 may preferably be molded to have a 
partition 800 that generally extends the longitudinal length of the blade 30 from the hp 
section 130 to the heel section 140. Alternatively, the partition 800 may be. mechanically 
imparted to a unitary core structure 500. 

The core 500 is then separated along partition line 800 into core elements 500a and 
30 500b and inner layers 810a and 810b are provided (step 910). As illustrated in step 910, 
the inner layers 810a and 810b are preferably dimensioned such that, when they are 
wrapped around the respective core elements 500a and 500b, they extend to the respective 
upper edges 820a and 820b of the foam core 500a and 500b (step 920 of FIG. 16B). With 
reference to FIG. 14E, each layer 810a and 810b is preferably comprised of two plies 
35 520a and 520b, but any other suitable number of plies may be employed. 
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"livers 810a and SlOb at the partition-800 are-then raated.together.so that layers 

- .... riftA r^. rv> n\ T)^-P n ^Uu tViic mnv he 



Layers &iua auu wvw ^ r~ - 

810a and 810b are interposed within the partition 800 (step 930). Preferably, this may be 
achievedby touching the mating surfaces of layers 810a and 810b to a-hot plate or hot pad 
to heat the resin pre-irapregnated in theplies 520a of the outer layers 810a and 810b and 
thereby facilitate adhesion of the layers 810a and 810b to one another. 

A cap layer 830 may be wrapped 'around the chWerence of the blade assembly 
(step 940). When employed, the caplayer 830 is preferably dimensioned so that its length 
is sufficient to completely reach the outer edges of the foam core elements 500a and 500b 
W hen mated together at the partition 800,as described in relation to step 930. In addmor, 
as best illustrated in step 940 and FIG. 14F, the width of the cap layer 830 is Amended 
so that when the cap layer 830 is wrapped around the circumference of the core ^emente 
500a and 500b, the cap layer 830 overlaps the outer surfaces of layers 810a and 810b . As 
best illustrated in FIG. 14E, the cap. layer 830 is preferably comprised of two phes 560a 
and 560b, but any other suitable number of plies may be employed. 

As illustrated at step 950 of FIG. 16C, outer layers 840 (only a single outer layer 
840 is illustrated in step 950) and an edging material 550 may be employed The edjpng 
material may be in the form of twine or rope and may be compnsed of a variety of 
ZZ* suLble for providing sufficient durability to the edge of me blade 30, such as 
bulk molding compound .of the type previously described, fiberglass, epoxy, resra, 

that fiberglass twine or rope be.employed, such as the type manufactured by A- & P 
Oology, Inc. of Cincinnati, & 

FIG 14E areal S opreferablycomprisedoftwoplies520eand520d. The outer layers 840 
are preferably dimensioned to be slightly larger than the foam core elements 500a and 
500b when mated together, as described at step 940. 

As described and illustrated at step 960, the outer layers 840 are mated to the outer 
sides of the blade assembly Ulustrated at step 950, such that a channel 860 is formed about 
the circumference of the blade assembly. The edging material 850 is then laid m th 
channel 860 about the circumference of the blade assembly to create the find uncured 
blade assembly. The uncured blade assembly is then inserted into a suable moM 
configured to impart the desired exterior shape of the blade 30 (step 610 of FIG. 15A> 
Heathen applied to the mold for curing (step 620 of FIG. j£ 
blade 30 is removed from the mold and finished for attachment (step 630 of FIG ISA). 
Notable is that the construction process described in relation to FIGs. 16A-C has been 
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foundto bereadily facilitated by the inherent adhesion characteristics-of the employments. 

. of pre-impregnated fibers, layers, or plies, as the case may be. 

FIG. 14F illustrates a sixth preferred construction of the hockey stick blade 30, 
which also comprises a plurality of inner core elements 500a and 500b overlain with plies 

5 520a and 520b. As in the construction illustrated in FIG. 14D, extending between the 
inner core elements 500a and 500b is a bead 590 of suitable materials (e.g., such as pre- 
impregnated fiber material, bulk molding compound, elastomer, etc.) that forms an 
internal bridge structure 530. An edging material 550, such as that discussed in relation to 
FIG HE may preferably be placed around the circumference of the blade 30. In 

10 application, the incorporation of the bead of material may be achieved as discussed I « 
relation to FIG. 14D. Once the bead material is disposed between the core elements 500a . 
and 500b the remaining construction is similar to that discussed in relations to steps 950 
. and 960 of FIG. 16C. Namely, (1) oversized outer layers are mated to the core elements . 
having the bead material disposed there between, (2) the edging material 550 is wrapped 

15 around the circumference of the core members 500a and 500b in the channel created by 
the sides of the outer layers, and (3) the uncured blade assembly is loaded into a mold for 
curing and cured at the recmisite temperature, pressure and duration. 

FIG 14K illustrates a seventh preferred construction of the hockey stick blade 30 
and FIG 15B details the preferred steps for manufacturing the blade 30 illustrated in FIG. 
20. 14K This construction method is also applicable for manufacturing one or more core 500 
elements of the blade. In this preferred construction, bulk molding compound (i.e., non- 
continuous fibers disposed in a matrix material or resin base) of the type previously 
described is loaded into a mold configured for molding the desired exterior shape of the 
blade 30 or core element (step 700 of Fig. 15B). With respect to the loading of the mold, 
25 it has been found preferable to somewhat overload the mold with compound, so that when 
the mold is sealed or closed, the excess compound material exudes from the mold. Such a 
loading procedure has been found to improve the exterior surface of the blade 30 or core 
element resulting from the curing process. Once the mold is loaded, heat is applied to the 
mold to cure (step 710) and the cured blade 30 or core element is removed from the mold 
30 and finished, if necessary, to the desired appearance (step 720) or otherwise employed as 
an inner core element 

It is to be understood that one or more of the foregoing core elements described in 
relation to the foregoing exemplary blade constructs may be comprised of various 
materials including one or more elastomer materials, as previously discussed. Moreover, 
35 the core components may comprise discrete regions of different materials. For example, 
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-the-core may be.comprised.Qlregipn famed of elast omer ma terial and one or more other 
region formed of: foam, fibers or filaments, disposed in a hardened resin or matrix 
material, wood or wood laminate, and/or bulk molding compound. 

FIG 14G illustrates a preferred embodiment of a hockey blade 30 having a core 
comprising alternating layers of a. "elastomer" material. Overlying the elastomer the 
layers of elastomer materials or interposed there between are layers formed of one or more 
of the following materials, fibers disposed in a hardened resin matrix (e.g., composite), 
wood, wood laminate, foam, bulk molding compound, or other suitable material We 
any of these materials may be employed to alternate with the elastomer material, fibers 
disposed within a hardened resin matrix has been found to be suitable, and wiU therefore 
. be described below for ease of description. FIG. 14G depicts four composite layers 510 
alternating with three elastomer layers 500a-c. It is to be understood that a greater or 
lesser number of each type of layer may be employed to meet given performance 
requirements. Each of the elastomer layers may be comprised of the same elastomer 
^ material or a different elastomer material. In addition, one or more elastomer layers may 
comprise a mixture of more than one elastomer material or a compilation of multiple 
layers of different elastomer materials. 

Each composite layer 510 preferably comprises two to eight fiber plies, more 
preferably two to four fiber plies, to provide desired strength to the blade 30. The number 
of plies employs may vary given the desired performance and the charactenstcs of the 
fibers that comprise the plies. In FIGs. 14G-14J, each- composite layer 510 is shown as a 
single continuous layer, for ease of illustration, but it is to be understood that each 
composite layer 510 preferably comprises more than- one fiber ply. By alternating layers 
of composite and elastomer material in the core, the strength and elasticity of the blade 30 
i may be varied to uniquely effectuate the performance and feel cbaracteristics of the blade 



30. 



30 
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Fiber plies pre-impregnated with resin or other suitable matrix material as 
described above, are particularly suitable for constructing the composite layers 510 of the 
embodiments shown in FIGs. 14G and 14J (described below). This is so, because those 
layers traverse internally within the blade and are separated by the interposed elastomer 
layers - hence injection of resin into each of the alternating composite layers using a 
traditional RTM process may pose a significant hurdle to manufacturing the blade with 
controlled or consistent tolerances. Pre-impregnated plies, on the other hand are formed 
with the desired resin matrix in place, which thereby facilitates control over the 
distribution of the resin matrix for appropriate encapsulation of the fibers that are to be 
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disposed there in. In addition, the tackiness of pre-impregnated tape plies, previously 



discussed are conducive to preparation of the pre-cured assembly in as much as they 
facilitate alignment and adhesion between the core components and the outer wall 
components of the blade assembly prior to curing Thus, the use of pre-impregnated 
5 composite layers 510 is particularly preferred in these embodiments. 

FIG. 14H illustrates an alternative preferred embodiment wherein the core 
comprises a continuous elastomer material 500a encased within a plurality, of fiber plies 
510 disposed in a hardened resin matrix. Employment of a single continuous core element 
of elastomer material 500a, resiliency, elasticity as well as other physical properties 
10 derived from the given elastomer material employed may be particularly , emphasized in 
the blade 30. 

FIG. 141 illustrates the blade construction of FIG. 14H having a rib or bridge 
structure 530 of composite material, or other suitable material as described above, 
extending from a composite layer inside the front face 90 of the blade 30 to a composite 

15 layer inside the rear face of the blade 30, in a manner similar to that described with regard 
to FIGs. 14D-14F. The bridge structure 530 is capable dispersing or distributing loads or 
impacts applied to the blade 30 (e.g., by a hockey puck) from the front face 90 to the rear 
face of the blade 30, as well as adding strength to the blade. FIG. 14J illustrates 1he blade 
construction of FIG. 14G having a similar bridge structure 530 extending through the 

20 alternating layers of composite and elastomer materials. The bridge -structure 530 
preferably extends from a composite layer inside the front face 90 of the blade 30 to a 
composite layer inside the rear face of the blade 30, as described above. 

In an alternative construction, the core of the blade 30 may include foam, such as 
EVA foam or polyurethane foam, in combination with and/or surrounding one or more 
25 elastomer core elements. The foam core element may be disposed between elastomer core 
elements and an inner and/or outer (the layers that form the front or back faces of the 
. blade) composite layers. For example the foam core element may be disposed adjacent to 
the composite front and/or back faces of the blade formed of fibers disposed in a hardened 
• resin matrix and an elastomer core element may be disposed more internally thereto. 
30 Another example of such a construction may be comprised of a foam core element 
disposed at or near the top and/or bottom portions of the blade 30 and an elastomer core 
element disposed vertically intermediate thereto. Alternatively, the elastomer core 
. elements may be layered either horizontally or vertically or otherwise combined with foam 
throughout discreet or continuous portions of the blade 30. The formation of a core 
35 comprising foam and elastomer elements, provides the additional capability of obtaining 
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the frsmrfta discusse d herein relating to those materials and thereby provides additional 



capability of manipulating the desired performance and feel of the blade 30. 

FIGs. 18A and 18B illustrate alternative blade constructions in which the core of 
the blade 30 comprises a matrix or resin material 1500, surrounded by a resilient or elastic - 
material 1510, such as natural rubber, silicone, or one or more other elastomer material 
described herein. The resilient or elastic material 1510 may comprise the outer surfaces of 
the blade, as illustrated in FIG. 1 8 A, or it may be overlain by one or more additional layers . 
of composite material 1520, as illustrated in FIG. 18 B. By overlaying a matrix or resm 
material with a elastomer material, the resilience and elasticity of the blade 30 may be 
further modified to meet desired performance and feel requirements. 

It is to be appreciated and understood that shafts 20, illustrated in FIGs. 1-2 and 5- . 
6 may be constructed of various materials including wood or wood laminate, or wood or 
wood laminate overlain with outer protective material such as fiberglass. Such a shaft 20 
construction, in combination with any of the blade constructions described herein, results 
in a unique hybrid hockey stick configuration (e.g., a traditional "wood" shaft attached to a 
-composite" blade), which may provide desired "feel" characteristics sought by users. 
Additionally, one or more of the elastomer materials described herein may be employed as 
core elements in portions of the shaft, as well as the hosel, and/or the adapter section, to 
further modify the feel and performance characteristics of the blade, shaft, and stick. 

In addition, it should also be understood that while all or a portion of Hie recessed 
tongue portion 260 of the heel 140 may be comprised of a foam or elastomer core overlain 
with plies or groups of fibers disposed in a matrix material; it may also be preferable that 
all or a portion of the recessed tongue portion 260 of the heel 140 be comprised without 
such core elements or may be comprised solely of fibers disposed in a hardened matrix 
material Such a construction may be formed of plies of unidirectional or woven fibers 
disposed in a hardened resin matrix or bulk molding compound. Employment of such a 
construction in part or throughout the tongue 260 or joint between the blade and the joined 
member (e.g., shaft or adapter member) is capable of increasing the rigidity or strengfli of 
the joint and/or may provide a more desirable flex as was described in relation to the 
internal bridge structure(s) 530 described in relation to FIGs. 14A-14J. 

While there has been illustrated and described what are presently considered to be 
preferred embodiments and features of the present invention, it will be understood by 
those skilled in the art that various changes and modifications may be made, and 
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-equivalentsmay-be-substo 



the invention. 

In addition, many modifications may be made to adapt a particular element, feature 
or implementation to the teachings of the present invention without departing fromthe 

5 central scope of the invention. Therefore, it is intended that this invention not be limited 
to the particular embodiments disclosed herein, but that the invention include all 
embodiments falling within the scope of the appended claims. In addition, it is to be 
understood that various aspects of the teachings and principles disclosed herein relate 
configuration of the blades and hockey sticks and component elements thereof. Other 

10 aspects of the teachings and principles disclosed herein relate to internal constructions of 
the component elements and the materials employed in their construction. Yet other 
aspects of the teachings and principles disclosed herein relate to the combination of 
configuration, internal construction and materials employed therefor. The combination of 
one, more than one, or the totality of these aspects define the scope of the invention 

15 disclosed herein. No other limitations are placed on the scope of the invention set forth in 
this disclosure. Accordingly, the invention or inventions disclosed herein are only limited 
by the scope of this disclosure that supports or otherwise provides a basis, either inherently 
or expressly, for patentability over the prior art. Thus, it is contemplated that various 
component elements, teachings and principles disclosed herein provide multiple 

20 independent basis for patentability. Hence no restriction should be placed on any 
patentable elements, teachings, or principles disclosed herein or combinations thereof, 
other than those that exist in the prior art or . can under applicable law be combined from 
the teachings in the prior art to defeat patentability. 
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Claims: 

1 . A cured composite blade for a hockey stick comprising: 

an elongated member extending longitudinally from a tip section to a heel 
section and vertically from a top section to a bottom section to form a front facing wall 
5 that defines an outer front face of the blade and a generally opposing back facing wall that 
defines an outer back face of the blade; 

said front and back facing walls are spaced apart at their mid-sections and 
merge together at their perimeter edges to define a cavity there between and are formed of 
one or more plies of substantially continuous fibers disposed in a hardened resin matrix 
10. material, said outer front face and outer back face defining a cross-sectional area of the 
blade that extends generally perpendicular there between; 

one or more inner core elements is encased within the front and back facing 
walls; wherein one or more of the one or more inner core elements is formed of an 
elastomer material. 

15 2. The blade for a hockey stick of claim 1, wherein the elastomer material has 

. th& following characteristics: 

SG*COR<5.0 

mac: SG: stands for specific gravity and is the ratio of 

the weight or mass of a given volume of any substance to that of an equal 
20 volume of water at four degrees Celsius; and 

COR: stands for the coefficient of restitution as 

measured in accordance with the Coefficient of Restitution Test set forth 
herein. 



3. The blade for a hockey stick of claim 1. wherein the elastomer material has 
25 an "ultimate elongation percentage" greater than or equal to 100 percent. 

4 The blade for a hockey stick of claim 1, wherein the ratio of the cross- 
sectional' area comprising the elastomer material divided by the total cross sectional area 
of the blade is in accordance with the following the following formula: 
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A E * A t 0.25 

Where: A E : is the cumulative area at any given cross-section of 
the blade that is occupied by the elastomer material; and 

At: is the total area at the same cross-section of the blade 
5 that Ae is measured. 

5 The blade for a hockey stick of claim 1, wherein the ratio of the cross- 
sectional area comprising the elastomer material divided by the total cross sectional area 
of the blade that is comprised of continuous fibers disposed within a matrix materials is in 
accordance with the following the following formula: 
10 " Ae + At' 0.25 

Where: A E : is the cumulative area at any given cross-section of 
the blade that is occupied by the elastomer material; and 

A T ': is the total area occupied by the continuous fibers 
disposed within a matrix material at the same cross-section of the blade 
2 5 where Ae is measured. 



20 



6 The blade for a hockey stick of claim 1, wherein the ratio of the thickness 
of the elastomer core divided by the total thickness of the blade as measured from the front 
to the back face of the blade is in accordance with the following formula: 

T B + T T >0,25 

Where: T E : is me cumulative thickness of the elastomer material 
at any cross-sectional area of the blade as measured along a line that is 
generally normal to one or both of the outer faces of the blade; and 

T T : is the total thickness of the blade as measured along 
the same line of measurement employed in the measurement of T E . 



25 7 The blade for a hockey stick of claim 1, wherein the ratio of the thickness 

of the elastomer material divided by the total thickness of the blade that is comprised of 
continuous fibers disposed within a hardened matrix as measured from the front to the 
back face of the blade is in accordance with the following formula: 
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T E ± T T ' > 0.25 

Where: T E : is the cumulative thickness of the elastomer material 
at any cross-sectional of the blade as measured along a line that is generally 
normal to one or both of the outer faces of the blade; and 

TV: is the total thickness of the continuous fibers 
disposed within a hardened resin matrix as measured along the same line of 
measurement employed in the measurement of T E . 



8 The blade for.a hockey stick of claim 1, wherein a first inner core element 
is comprised of a first elastomer material and a second inner core element is comprised of 
10 " a second elastomer material, wherein the first and second elastomer matenals have 
different chemical compositions. 

9. The blade for a hockey stick of claim 1, wherein one of the inner core 
elements is comprised of a non-elastomer material. 

10. The blade for a hockey stick of claim 1, wherein one of the inner core 
15 elements is comprised of a non-elastomer foam material. 

11. The blade for hockey stick of claim 1, wherein the elastomer material is 
selected from the group consisting of butadiene, natural rubber, synthetic rubber, silicone, 
urethane, neoprene, polyester, di-cyclo pendadiene monomer, and expanded 
polypropylene. 

20 12. The hockey stick blade of claim 1, further comprising a bridge structure 

interposed between the front and back facing walk, wherein said bridge structure is 
formed of a non-elastomer material. 

13. The hockey stick blade of claim 12, wherein said bridge structure is formed 
of fibers disposed within a hardened resin matrix. 

25 14. The hockey stick blade of claim 12, wherein said bridge structure extends 

vertically from between the top section and the bottom section of the blade. 
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-^■■The^ekey-stick-blade-oLclaim^ wherein said bridge structure extends 



5 



longitudinaUy from between the heel and tip sections of the blade. 

16 The hockey stick blade of claim 1, wherein a first and second inner core 
element is comprised of an elastomer material and a third inner core "s^mpnsed 

of non-elastomer material, wherein said first and second inner core elements are spaced . 
apart and wherein said third inner core element is interposed there between. 

17 The hockey stick blade of claim 14, wherein the first and second inner core 
elements have a first and second thickness dimension, respectively, wherein add first and 
second thickness dimensions are different 

16 The hockey stick blade of claim 14, wherein the first and second inner core 
elements have a first and second length dimension, respectively, wherem saxd first and 
second length dimensions are different 

H Thehockey stick bladeof data 14, whereinthe firs, and «" 
events have .tat and second heigh, dimension, respective!,. wheteor and firs, and 
. second height dimensions are different 

„ ThcHadcfbr.hookeyattokofclaim 1. wherein a first inner core element 
is comprised of a first eh— material and . second inner core element is 
! seel elastomer m*=HA wherein fte that and second elastomer matonala have 
different physical properties. 

19 The blade for hockey stick of claim 1, wherein a first inner core element is 
comprised of a first elastomer material and a second inner core element is composed of 
Corner material that , is spaced longitudinally apart from said first elastomer 
material. 

20 The blade for hockey stick of claim 1, wherein a first inner core element is 
comprised of a first elastomer material and a second inner core element is comprised of 
l elastomer material that is spaced vertically apart from said first elastomer matenal. 

21 The blade for hockey stick of claim 1, wherein a first inner core element is 
comprised of a first elastomer material, a second inner core element * 
elastomer material, and a third inner core element is compnsed of a non-elastomer 
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materidrwherem-sdd-tfafrd^^ between said first 

and second core elements. 

22. The blade for hockey stick of claim 1, wherein a first inner core element is 
comprised of a first elastomer material, a second inner core element is comprised of a 
second elastomer material, and a third inner core element is comprised of a non-elastomer 
material, wherein said third core element is. interposed vertically between said first and 
second core elements. 

23 The blade for a hockey stick of claim 1, wherein a first inner core element 
is formed of a first elastomer material that extends from the front facing wall to a back 
facing wall of the blade. 

24 The blade for a hockey stick of claim 1, wherein a first inner core element 
is formed of a first elastomer material that extends from the front facing top section of 
blade toward the bottom section of the blade. 

25 The blade for a hockey stick of claim 1, wherein a first inner core element 
is formed of a first elastomer material that extends longitudinally in between the tip region 
and the heel region of the blade. 

. 26 The blade for a hockey stick of claim 1, wherein a first and a second inner 
, core element is formed of an elastomer material and wherein said first and second inner 
core elements are positioned nearer the top section of the blade than the bottom secfcon of 
the blade. 

27 The blade for a hockey stick of claim 1, wherein a first and a second inner 
• core element is formed of an elastomer material and wherein a third inner core element 

comprised of a non-elastomer material resides vertically below either first and second 
inner core elements. 

28 The blade for a hockey stick of claim 1, wherein a first and a second inner 
core element is formed of an elastomer material and wherein a third inner core element 
comprised of a non elastomer material resides longitudinally distal to either said first and 
second inner core elements. 
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29 The blade-for- a hockey-stick.of claim 1 , wherein a first and a second inner 

core element is formed of an elastomer material and wherein a third core element, 
comprised of a non-elastomer material, is vertically displaced to enher said first and 
second inner core elements. 

30 The blade for ahockey stick of claim 1, wherein a first and second inner 
core element is formed of an elastomer material and wherein a third core element, 
Iprised of a non-elastomer material, is positioned nearer the front facmg wall man one 
of said first or second inner core elements. 

31 • The blade for a hockey stick of claim 1, wherein a first and second inner 
core element is formed of an elastomer material and wherein a third core element, 
^ I notlstomer material, is positioned nearer me back facmg wall than one 

of said first or second inner core elements. 

32 The blade for a hookey stick of claim 1, wherein a first and second inner 
core element is formed of an elasmmer material and wherein a third , cor. , *men, 
Zpriaedof anon-elastomermamrial is phoned neamrthetip seetionofthe Hade than 
one of said first or second inner core elements. 

33 The blade for a hockey stick of claim 1, wherein a first and second inner 
element is formed of an elastomer material and wherein a third core element 

. Zpt^an^lmer material is positioned nearer the heel section ofthe blade 
20 than one of said first or second inner core elements. 

34 The blade for a hockey stick of claim 1, wherein a first and second inner 
core element is formed of an elastomer material and wherein a third core element 
ZZ<* a non-elastomer material is spaced apart " 

inner core elements and wherein interposed between^ space is bndge member that 
25 extends from said front facing wall and said back facing wall. 

35 The blade for a hockey a hockey stick of claim 1, wherein either said front 
and back facing walls are recessed relative to one another at the heel section ofthe blade. 

36 The blade for a hockey stick of claim 1, wherein both the front and back 
facing walls are recessed at the heel section of the blade relative to distal portions thereof. 
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blade for a hockey stick nf claim 1. wherein the blade is configured to 
be removably detached from a shaft. 

38. He blade for a hockey stick of claim 1, wherein the blade is configured to 
be permanently attached to a shaft 

5 39 The blade for a hockey stick of claim 1, wherein the blade is thinner at its 

tip section than at the heel section longitudinally displaced therefrom. 

40 The blade for a hockey stick of claim, wherein the blade is thinner at its top 
section than at its bottom section residing vertically below said top edge. 

41 A method for manufacturing a hockey stick blade having a front facing 
10 wall and a back facing wall extending longitudinaUy from a heel section to a tm section 

facing wall, comprising: 

preparing one or more core elements, one or more of said core elements 
being formed of an elastomer material; 

wrapping the one or more core elements wiih one or more plies of 
substantially uniform fibers to form the back and front facing walls of un-cured blade 
assembly; 



impregnating one or more of the plies of substantially uniform fibers with a 



resin matrix. 



20 pla cing the un-cured blade assembly ina mold having a shape that reflects 

the desired external shape of the blade; 

curing the blade assembly in the mold by applying heat to form a cured 

blade; 

removing the cured blade assembly; and 



25 



finishing the cured blade assembly. 
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"42: 



shaft of a hockey stick. • 

43. The method of claim 41, wherein the blade is configured to be detachably 
attached to a shaft of a hockey stick. 

. 44. The method of claim 41, wherein one or more of the inner core elements is 
formed of a non elastomer material. 

45 The method of claim 41, wherein a first of the inner core elements is 
formed of a elastomer material and a second of the inner core elements is formed of a non- 
elastomer material. 

• 46 The method of claim 41, wherein a first of the inner core elements is. 
formed of a first elastomer material, a second of the inner core elements is formed of a 
sZd elastomer material, and a third of me inner core elements rs formed of a non- 
elastomer material- 

47. The method of claim 46, wherein a first of the inner core elements is 
vertically displaced from the third of the inner core elements. 

48. The method of claim 46, wherein a first of the inner core elements is 
longitudinally displaced from the third of the inner core elements. 

49 The method of claim 46, wherein one or more of the one or more plies of 
substantially uniform fibers are pre-impregnated with a resin matrix prior to wrappmg ^ 
about the one or more of the one or more core elements. 

50 The method of claim 41, wherein interposed between one or more of the 
ianer core elements is a bridge structure extending from the front facing wall to the back 
facing wall. 

51. The method of claim 50, wherein the bridge structure is formed of non- 
elastomer materials. 

52. The method of claim 51, wherein the bridge structure is formed of fibers 
disposed vrithin a resin matrix material. 
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-53 



-The-method^of-claim-^-Wherein the heel section of the blade forms a 



tongue configured to be received within a slot of a shaft 

54 The method of claim 41, wherein-the tip section of the blade is thinner than 
the heel section of the blade and the top section of the blade is thinner than the bottom 
section of the blade. 
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